ABSTRACT -The study assessed performance, microbial protein synthesis, intake and digestibility of nutrients by beef heifers receiving levels of multiple supplements or nitrogen salt, in a self-controlled intake, on pasture, during the dry season. Thirty-five beef heifers, from 6 to 9 months of age and average initial body weight of 203.4 + 4.5 kg, were used. Study factors were: control -mineral mixture; nitrogen salt -50% of urea + mineral mixture, at proportion of 1:1, and 50% of corn (75% of crude protein); levels of multiple supplementation -multiple supplements with different percentages of intake controller mixture (urea + mineral mixture, at the proportion of 1:1), corn and soybean meal (45% of crude protein). Supplement consumptions observed were: 115, 173, 572 and 1214 g/animal/day for animals fed on nitrogen salt, low, medium and high levels of multiple supplement, respectively. Supplemented animals had greater average daily gain, evidencing the positive linear effect of the levels of multiple supplementation on average daily gain. Overall, there were no significant differences between average daily gain of animals fed on multiple supplements or nitrogen salt. Supplementation increased the intake and digestibility of nutrients, except for digestibility of neutral detergent fiber, although the intake of digested neutral detergent fiber increased. Supplementation increased the production of microbial nitrogen as well as nitrogen losses in urine, although the quantity of nitrogen assimilated by bacteria, proportionally to intake, was higher.
Introduction
Positive interactive effects were observed with the addition of nitrogen and negative aspects with the addition of carbohydrates on consumption and digestibility in cattle fed low quality forage (Souza et al., 2010) . However, supplementation jointed with nitrogenous compounds and carbohydrates broadened assimilation of nitrogen in the rumen environment. Thus, supplementation during dry season must prioritize supply of nitrogen compounds with a source of fast-degradation carbohydrates.
The level of multiple supplements that should be used depends on the desired intensification of the production systems. Larger quantities of multiple supplements enable higher weight gains (Paulino et al., 2008) , but they can reduce pasture intake by the substitution effect (El-Shazli et al., 1961) . The ideal amount of concentrate to be used in a system of cattle production is highly variable and depends on many factors, especially the price of the supplement (Figueiredo et al., 2007) .
Supplements of self-controlled intake are an alternative to reduce spending on manpower, and they can be provided at intervals of days and the animals themselves regulate the consumption, consuming supplement daily. The animal does not become addicted to the supplement and it presents positive aspects in the nutritional point of view (Paulino et al., 2001) .
Thus, the objective of this study was to evaluate performance, microbial protein production, intake and digestibility of nutrients ingested by beef heifers receiving levels of multiple supplementation or nitrogen salt, in self-control intake, on pasture, during the dry season.
Material and Methods
The experiment was conducted in the dry season, between July and October, 2008. The climate data from experimental period are represented in Figure 1 . The evaluation period was of 84 days (three sub-periods of 28 days).
Thirty-five heifers, Nellore or crossbred (Nelore × Holstein), from 7 to 9 months of age and initial body weight of 203.4 + 4.5 kg, were used. Study factors were: controlmineral mixture, ad libitum; nitrogen salt -supplement with 50% urea + mineral mix (47% NaCl) at 1:1 relation, and 50% ground corn grain, used only as an intake stimulator (75% CP); levels of multiple supplementation -quantities of multiple, using different percentages of intake controller mixture [urea+ mineral mixture (47% NaCl) in a 1:1 relation], corn grain ground and soybean meal (45% CP) ( Table 1) . Supplements were formulated so that the animals themselves controlled the intake of supplement, getting increasing amounts, considering linear effect of urea on the intake control.
An experimental area consisting of five 2.0 ha paddocks, with Brachiaria decumbens was used. In order to minimize possible effects of plots on experimental treatments, animals were rotated among the five pasture plots every 7 d, allowing each group to stay the same period of time in each plot. Animals were weighed at the beginning of the experiment, after 14 days of adaptation to local and to the diet, and in the end of the experiment.
On the 14 th day of each subperiod, random pasture collections were made by cutting the forage at ground level in four 0.5 × 0.5 m areas within each paddock to assessments of availabilities of total dry matter (TDM) and potentially digestible dry matter (PDDM).
To evaluate the chemical composition of forage consumed by animals, manual simulations of grazing were performed on the first, 14 th and 28 th day of each experimental subperiod. After, a composed sample per experimental period was taken.
The ingredients of the supplements and pasture samples were dried in a forced ventilation oven (60 °C/ 72 hours) and processed in a knife mill (1 mm). Afterwards, they were analyzed for dry matter (DM), total nitrogen (N), insoluble neutral detergent nitrogen (INDN), acid detergent insoluble nitrogen (ADIN), lignin (H 2 SO 4 , 72% w/w), ash and ether extract (EE), according to Silva & Queiroz (2002) ; NDF, according to Mertens (2002) , corrected for ash and protein; acid detergent fiber (ADF), according to Van Soest & Robertson (1985) , corrected for ash and protein; iNDF, obtained after incubation of Ankon ® bags (F57) in situ for 240 hours, according to Casali et al. (2008) ; and non-protein nitrogen (NPN), according to description of Licitra et al. (1996) . Soluble protein fraction (A + B1), and B2, B3 and C fractions of DM (Malafaia & Vieira, 1997) were also determined. Organic matter (OM) was estimated by OM (%) = 100 -% ash. Non-fiber carbohydrate content, corrected for ash and protein (NFCap), was calculated as the following equation: NFCap = 100 -[(%CP-%CP from urea + % of urea) + %NDFap + %EE + %ash] (Detmann & Valadares Filho, 2010) . Sample of availability of total dry matter was analyzed for DM, ash, NDF and iNDF as previously described.
PDDM was estimated according to the following equation (Paulino et al., 2006) : PDDM = 0.98 × (100 -NDF) + (NDF -NDFi), in which: NDF = neutral detergent fiber (%); iNDF = indigestible NDF (%); PDDM = potentially digestible dry matter (%); 0.98 = digestibility of intracellular content.
A trial with 9-day duration was conducted for evaluation of the nutritional parameters, in order to determine the intake and digestibility of ingested nutrients, as well as microbial protein production. The same 35 heifers were used in performance, in the same experimental area on the 38 th and 46 th days of the experimental period.
To estimate individual supplement intake, an external marker of titanium dioxide (TiO 2 ), equivalent to 10 g per Figure 1 -Total precipitation, average temperature, average minimum temperature and average maximum temperature. animal per day, mixed in the supplement and distributed in the group of animals was used. To estimate fecal excretion, external marker chromic oxide (Cr 2 O 3 ) wrapped in cartridge paper was given to the animals, corresponding to 10 g per animal per day, and applied with the help of a metal probe, through the esophagus, always at 11 p.m. From the nine days of the trial, six days were for adaptation of animals to TiO 2 and to Cr 2 O 3 . On the last three days, fecal collections were performed at different times, 3 p.m., 11 a.m. and 7 a.m., each on a different day. On the fifth day of the trial, for evaluation of the nutritional parameters, a manual grazing simulation was done in each paddock separately, and this sample was used in the quantification of intake and digestibility.
Fecal samples were collected immediately after defecation or directly from the rectum of the animals, in quantities of approximately 300 g. Samples were then dried in a forced air circulation oven (60°C for 72 hours). Afterwards, they were milled (1 mm). A compound fecal sample per animal was elaborated, from the three collection days. Samples were analyzed for concentrations of Cr in an atomic absorption spectrophotometer, as described by Williams et al. (1962) ; Ti was analyzed by colorimetry (Short et al., 1996) , DM, N, EE, NDFap, iNDF and ash were analyzed as previously described.
Excretion of fecal dry matter was estimated based on the ratio between the amount of the indicator provided (Cr 2 O 3 ) and its concentration in feces.
The estimation of individual intake of supplement was obtained by using the external marker TiO 2 through the following equation: DMSI = (FE × MCF)/MCS, in which DMSI = dry matter supplement intake (kg/day); FE = fecal excretion (kg/day); MCF = marker concentration in the animal feces (kg/kg), MCS = marker concentration in the supplement (kg/kg).
Calculation of dry matter intake was performed by using iNDF as the internal marker, throughthe following equation: DMI (kg/day) = {[(FE × CMF) -(CMS × DMSI)] /} CIF + DMSI, in which: CMF = concentration of marker in feces (kg/kg); CIF = concentration of indicator in the forage (kg/kg); DMSI = dry matter supplement intake (kg/day); FE = fecal excretion (kg/day) and CMS = concentration of the marker in the supplement (kg/kg).
On the last day of the trial, in order to evaluate the nutritional parameters, at 2 p.m., spot urine collection (10 mL) from spontaneous urination was performed. Blood collections were done by jugular vein. After collection, urine samples were diluted in 40 mL of H 2 SO 4 (0.036 N) and frozen at -20 °C. Blood samples were immediately centrifuged and plasma was frozen at -20°C.
Commercial kits (Human ® ) were used to estimate the levels of urea in the plasma and in the urine (method Urease/GLDH), uric acid in the urine (Uricase method-PAD) and creatinine in urine (Jaffe method). The calculation of the daily urine volume was done by using the relationship between the daily excretion of creatinine (EC), adopting as reference the equation proposed by Chizzotti (2006) , and its concentration in the "spot" samples: EC (mg/BW) = 32.27-0.01093 × BW, in which BW = body weight.
Analyses of allantoin in urine were performed by colorimetric method following the method of Fujihara et al. (1987) . Total excretion of purine derivatives was calculated by the sum of quantities of allantoin and uric acid excreted in urine.
Absorbed purines (Y, mmol/day) were calculated from the excretion of purine derivatives (X, mmol/day) by using the equation: Y = (X -0.385 × BW 0.75 ) / 0.85, in which 0.85 = recovery of purines absorbed as purine derivatives; 0.385 × BW 0.75 = endogenous contribution for excretion of purines (Verbic et al., 1990) ; BW = body weight.
Ruminal synthesis of nitrogen compounds (Z, g Nmic/day) was calculated in function of absorbed purines (Y, mmol/day), using the equation described by Chen and Gomes (1992) , except for the purine N: Total N of bacteria 0.134, according to Valadares et al. (1999) A completely randomized design was adopted, and comparisons between treatment means were made using orthogonal contrasts (Table 2) . Initial body weight was adopted as covariate. A ten-percent level of significance was used. All statistical procedures were performed by using the Statistical Analysis System (SAS). Table 2 -Distribution of coefficients for orthogonal contrasts used in the decomposition of the sum of squares Average availability of total dry matter (TDM) during the experimental period was 4.28 t/ha. Average availability of pdDM during the experiment was 2.56t/ha.
Forage was considered of low quality, presenting crude protein average content of 6.64%, below of 9% crude protein (CP), which optimizes the use of forage by cattle grazing (Figueiras et al., 2010) , which can reduce animal performance because of the lower intake and energy use (Table 3) .
Contents of urea + salt in the supplements controlled intake were at the amounts of 115, 173, 572, 1214 g/animal/ day for animals fed with nitrogen salt and for low, medium and high multiple levels of supplementation , respectively (Table 4) . Supplement intake had a quadratic effect (P<0.10) in function of the level of urea + salt. Magalhães et al. (2006), when evaluating data from several experiments, found a non-linear effect for supplement intake in function of the level of urea and salt.
In the third experimental period, there was a decrease in average daily gain (ADG) (Figure 2) , caused by the occurrence of heavy rainfall (Figure 1 ), which led to the emergence of tender shoots. The apparent decrease in weight of the animals may have been caused by the reduction in rumen fill due to the physiological occurrence of diarrhea caused by ingestion of forages with low fiber content and high water content.
After the rainy season, protein profile and content of forage consumed changed. Content of CP increased from 5.7 to 8.5% and the soluble protein from 30% to 35.5% CP (Figure 3 ). The regrowth of pasture resulted in a significant increase in nitrogen availability in the diet, most of it with rapid rumen degradability, allowing the maintenance of high levels of rumen nitrogen, although it did not guarantee adequate flow of true protein to the intestine (Poppi & Mclennan, 1995) . Thus, dietary deficiency of protein becomes a deficiency of metabolizable protein (Detmann et al., 2005) .
Supplemented animals showed more reduced ADG after the rainy season than control animals (Figure 2 ), a fact that was caused in part by greater CP intake, particularly soluble protein, leading to excess of rumen ammonia and making necessary the expenditure of energy for excretion of this ammonia in the form of urea. The excess of circulating ammonia leads to a malfunction of brain tissue by energy deficit, causing discomfort to the animals, resulting in reduction in voluntary intake as a mechanism for reducing this symptom (Detmann et al., 2007) .
Animals that received supplementation obtained a greater average daily gain (ADG) than control animals (P<0.10) ( by Zervoudakis et al. (2002) , who, working with beef heifers on pasture, fed them on supplements containing 40% CP (500 g/day) and observed greater weight gain compared with heifers which did not receive supplement. According to Hoover (1986) , for low quality forage, limitations on the rate and extent of degradation can be attributed to a deficiency in the supply of essential nutrients such as nitrogen. In this experiment, the animals which received salt nitrogen showed greater weight gain than those which consumed only mineral, similar to results found by Vilela et al. (1981) and Ítavo et al. (2008) , who found an increase in weight gain of animals with the addition of urea to the mineral salt during the dry season. Overall, there were no differences (P>0.10) in ADG for animals that received nitrogen salt and those which received multiple supplementation (Table 4) . Nitrogen salt presented high nitrogen concentration, enabling increase on CP ingestion even with low intake occurrence, increasing the supply of RDP to fibrolytic bacteria, because in situations in which there are nitrogen limitations, this supply significantly increases the activity of this population (Russell et al., 1992) . The lowest levels of multiple supplementation, for being supplied at low quantities, provided ADG of animals close to those found when nitrogen salt was supplied. However, the highest level of multiple supplementation provided a higher superiority in weight gain in relation to nitrogen salt. But, the average weight gain for the assessed levels of multiple supplements showed no difference from the value obtained by nitrogen salt.
The levels of protein supplementation presented a positive linear effect on the ADG of heifers with means of 76, 217 and 307 g/animal/day for the observed levels of protein supplementation of 173, 572 and 1214 g/animal/day for the low, medium and high levels of multiple supplementation (Table 4), evidencing that higher levels of supplementation increased ADG. In this study, there was a positive linear effect of multiple supplementation on ADG, with the supplementation until approximately 0.5% of BW, corroborating the results from the literature, in which positive linear effects were found at levels higher than the ones used in this experiment, up to 0.8% PC (Euclides, 1998), and up to 1% BW (Couto et al., 2009) . However, the level where effect changes from liner to nonlinear depends on many factors like season, supplement composition and animal category.
The animals which consumed some type of supplement had higher intake of total dry matter (TDM) (P<0.10), dry matter from pasture (PDM) (P<0.10), CP (P<0.10), iNDF (P<0.10) and total digestible nutrients (TDN) (P<0.10) compared with control animals ( Table 5) .
Intake of TDM, OM and iNDF by animals under supplementation (Table 5 ) corroborate those obtained by Figueiras et al. (2010) , who, working with animals on pasture during the dry season got higher values of TDM intake (22.65 g/kg BW ), PDM (22.53 g/kg BW) and iNDF (4.63 g/kg BW) when the dietary protein content raised up to 8.9% CP in relation to intake of not supplemented animals (intakes of DM = 17.3 g/kg BW, PDM = 17.83 g/kg BW; iNDF = 3.58 g/kg BW), in a diet with 7.4% CP.
Increase in the forage intake of supplemented animals is partially caused by the ability of protein supplementation to increase the activity of fibrolytic microorganisms when the pasture presents low protein content (Paulino et al., 2008) .
Voluntary intake of dry matter by grazing animals is often limited due to the effect of rumen fill (Sampaio et al., 2009 ). High portion of this effect in the tropical forage has been attributed to the iNDF fraction. The greater intake of iNDF (P<0.10) by supplemented animals (Table 5) is indicative of the rising rate of degradation of the fibrous components which reduces the permanence time of undegradable fractions in the rumen, accelerating rumen turnover, and consequently increases DM intake.
The levels of multiple supplements presented positive linear effect on CP intake (P<0.10). However, there was quadratic effect on the PDM intake (P<0.10), POM (P<0.10), NDF (P<0.10) and iNDF (P<0.10). Nevertheless, multiple supplementation increased these values (P<0.10) compared with control animals ( Table 5 ). The increase in pasture intake may have been caused by an increase in rumen turnover, evidenced by greater intake of iNDF. The maximum intake of pasture was with 0.579 kg of multiple supplement per animal per day, in which, from this point, there was a decrease in pasture intake.
Multiple supplements had a protein-energy trait, with carbohydrate in its composition; the increase in the intake of such supplements by grazing animals consuming low quality forage enhances the effect of substitution (Souza et al., 2010) , i.e., great consumption of supplement reduces pasture intake.
The excess of intake protein in high levels of multiple supplementation may limit the performance. Excessive Levels 1 S = non-supplemented versus supplemented; NS = nitrogen salt versus multiple supplementation; L and Q = linear and quadratic order effects relative to multiple supplementation levels, which involve only information from the levels of multiple supplement; 2 (ns), (*), (**) and (***) = non-significant (P>0.10) and significant at the levels of 0.10, 0.05 and 0.01 of probability by the F test, respectively; 3 neutral detergent fiber corrected for ash and protein; 4 difference on pasture dry matter intake among supplemented animals and control; protein intake causes the body to spend energy to excrete excess nitrogen, which increases caloric increment and the animal may present difficulties to remove the heat produced. In conditions where there is difficulty in heat loss, DM intake is reduced (Neiva et al., 2004) . Similarly to pasture conditions, rumen fill of insoluble fiber fraction determines intake capacity (Sampaio et al., 2009) . Although the substitution of pasture intake by supplementation has intensified at the highest levels, showing a quadratic effect, the value of TDN showed positive linear effect (P<0.10). Thus, even when the use of pasture decreased, the total amount of energy obtained by the animal was increasing. When the slope becomes zero or negative, the supplement does not add energy to the system; it may even cause damage to the rumen, reducing the amount of dietary energy.
Supplemented animals presented higher dry matter digestibility (P<0.10), organic matter (P<0.10), non-fibrous carbohydrates (P<0.10), CP (P<0.10) and higher value of TDN (P<0.10) compared with control animals, although differences in NDF digestibility did not occur (P>0.10) ( Table 6) . Figueiras et al. (2010) , when working with animals on pasture during the dry season, found greater digestibility of DM and NDFap and TDN for animals which received protein supplementation in relation to animals consuming only forage. Acedo et al. (2007) , during the dry season, found no differences among NDFap digestibility between animals fed on multiple supplements or without supplementation.
Critical analysis of the NDFap digestibility alone is not a good indicator of the use of fiber. Although the digestibility of NDFap was not affected (P>0.10) by supplementation, consumption of NDFap increased (P<0.10), as a response of the higher rate of NDF degradation, evidenced by greater (P<0 10) intake of digested NDF (DNDF) ( Table 5 ). The animals of the control may have obtained high value of the NDFap digestibility by the low rumen turnover, evidenced by lower consumption of iNDF (Table 5) , thus, digestibility may have been more affected by the longer permanence of the substrate in the rumen than by the rate of fiber degradation by ruminal bacteria.
The dynamics of rumen degradation of NDF is a secondorder dynamic process ), i.e., at the deficiency of nitrogen compounds, the degradation would be limited not only by the intrinsic characteristics of the substrate, but also by the deficiency of microbial enzymatic systems (Paulino et al., 2006) . Thus, the correction of these deficiencies may increase the amount of energy obtained from fiber and increase the availability of energy for the animals.
Animals that consumed multiple supplements presented greater DM digestibility (P<0.10), OM (P<0.10) and CP (P<0.10) and TDN value higher (P<0.10) than animals which consumed nitrogen salt (Table 6) .
Levels of multiple supplementation presented a positive linear effect (P<0.10) to digestibility of DM, CP, NDFap and NFC, and to the value of TDN.
There was higher (P<0.10) microbial nitrogen synthesis (Nmic) in supplemented animals compared with control animals ( Table 7 ). The highest Nmic production, in response to additional nitrogen supply, indicates that the protein level of forage was insufficient for the supply of nitrogen compounds to optimize microbial growth (Table 7) .
The levels of protein supplementation showed a positive linear effect (P<0.10) on Nmic production. The largest consumption of supplement provided greater availability of nitrogen and energy readily available for microbial assimilation. For every 1 kg of protein supplement ingested, there was a 60% increase in microbial protein synthesis compared with control. Nascimento et al. (2009) , when working with crossbred steers supplemented with 0.4% BW (30% CP) during the 1 S = non-supplemented versus supplemented; NS = nitrogen salt versus multiple supplementation; L and Q = linear and quadratic order effects on multiple supplementation levels, which involves only information from levels of multiple supplement; 2 / (ns), (*), (**) and (***) = non-significant (P>0.10) and significant at the levels of 0.10, 0.05 and 0.01 of probability by the F test, respectively; 3 calculated by equation proposed by Detmann et al. (2006) Table 6 -Least square means for apparent digestibility dry-rainy transition period, observed that the supplemented animals obtained Nmic production 34.4% higher than the control animals. A similar behavior was observed in this study, in which for the estimated level of multiple supplement (45% CP) OF 0.4% BW (800 g/day), 48% of production superiority was found in Nmic production when compared to control animals. The control animals presented higher microbial efficiency (P<0.10) compared with animals which received multiple supplementation (Table 7) . The highest microbial efficiency of the control animals was not due to the highest microbial production but to the lower intake of TDN, instead (Table 5) , since microbial efficiency is the ratio between microbial CP (g) and TDN intake (kg). When dietary protein content was corrected, microbial efficiency tended to present fixed value, with an increase in Nmic proportional to the increased consumption of TDN. Supplemented animals had microbial efficiency of 132 g/kg TDN, a value close to 130 g/kg of TDN recommended by the NRC (1996) .
Control animals showed Nmic production related to dietary nitrogen intake (NmicR) above the value 1 (Table 7) , indicating a sharp protein deficit in the diet and a possible mobilization of body nitrogen to keep microbial activity in the rumen.
Animals that received some type of supplement had higher serum urea nitrogen concentration (SUN) (P<0.10). Control animals showed an average value of 7.9 mg/dL and supplemented animals had an average of 16.75 mg/dL due to higher CP intake of these animals, once the concentration of SUN is positively correlated with intake of nitrogen.
The levels of protein supplementation presented a positive linear effect (P <0.10) on SUN. Multiple supplement intake from 430 g/day, enabled NUS values to exceed the range of 13-15 mg/dL, indicating a probable loss of protein (Valadares et al., 1997) .
Although the total amount of nitrogen excreted in the urine rose with the increase in CP intake, nitrogen balance (BN) became more favorable (Table 7) . Animals fed on multiple supplementation presented lower (P <0.10) (better) NB compared with control animals or ones which received nitrogen salt. The increase in CP intake followed by fast degradation carbohydrate (multiple supplement) caused an increase in microbial assimilation of nitrogen compounds in the rumen in proportion to consumed CP.
Conclusions
Energy-mineral-protein supplementation (multiple supplementation or nitrogen salt) has a positive effect on nutritional traits with positive responses on performance of grazing beef cattle. 1 S = non-supplemented versus supplemented; NS = nitrogen salt versus multiple supplementation; L and Q = linear and quadratic order effects relative to multiple supplementation levels, which involves only information from levels of multiple supplements; 2 (ns), (*), (**) and (***) = non-significant (P>0.10) and significant at the levels of 0.10, 0.05 and 0.01 of probability by the F test, respectively; 3 g microbial CP/kg TDN; 4 g of excreted nitrogen /g of ingested nitrogen; 5 production of microbial N per ingested N; 6 ŷ = 45.67 + 26.74X (r 2 = 0.98); 7 ŷ = 7.98 + 16.28X (r 2 = 0.97); 8 ŷ = 23.96 + 49.38X (r 2 = 0.74); 9 ŷ = 0.787 -0.294X (r 2 = 0.94). 
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